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SYNCHRONOUS MOTOR CONTROL DEVICE AND METHOD OF CORRECTING DEVIATION 
IN ROTATIONAL POSITION OF SYNCHRONOUS MOTOR 

BACKGROUND OF THE INVENTION 

K 

1 . Field of the Invention 

The present invention relates to a synchronous motor control 
device for correcting a deviation in rotational position of a 
synchronous motor, and also to a method of correcting the deviation 
in rotational position of the synchronous motor using the control 
device, 

2 . Description of the Related Art 

A conventional method of correcting a deviation caused 
between a motor rotational position determined from an output of 
a rotational position detector and an actual motor rotational 
position includes: a step of detecting a no-load state of a motor 
by an unloading detector; a step of detecting a motor voltage applied 
to the windings of a motor by a motor voltage detector; a step of 
computing d-axis and q-axis voltages from rotational angular 
information of the rotational position detector and the motor 
voltage; and a step of correcting a rotational angle such that the 
d-axis voltage becomes zero (for example, see JP 06-165561 A). 

Also, another method includes: a step of supplying 
predetermined DC currents to coils of a three-phase synchronous 
motor; a step of detecting a rotational position of the three-phase 
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synchronous motor stopped at a theoretical rotational position by 
supplying the predetermined currents; a step of determining as a 
correction value a deviation between the detected rotational 
position of the motor and a preset theoretical rotational position; 
and a step of correcting the detected rotational position of the 
motor based on the correction value (for example, see JP 2001-128484 
A). 

Further, another method includes: a step of setting an 
instruction torque current as zero and inputting an instruction 
magnetic flux current of an arbitrary finite repetition waveform 
to a motor; a step of computing an angular acceleration from a 
detection rate; a step of estimating a torque produced from a motor 
from the instruction magnetic flux current, the angular 
acceleration, inertia of the motor, viscous friction of the motor, 
and friction torque of the motor using a motor motion equation; 
a step of estimating a torque current by dividing the estimated 
torque by a torque constant of the motor; a step of estimating a 
magnetic flux current using the instruction magnetic flux current 
and the estimated torque current; and a step of estimating an 
initial magnetic polar position using the estimated magnetic flux 
current and the estimated torque current (for example, see JP 
2001-204190 A) . 

In the case of using the conventional method of correcting 
the deviation caused between the rotational position of the 
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synchronous motor which is determined from the output of the 
rotational position detector and the actual rotational position 
of the synchronous motor, it is necessary to provide the motor 
voltage detector and the unloading detector* Therefore, an 
apparatus to which this method is applied becomes expensive. 

Also, in the conventional method, it is expected to stop a 
rotor at a predetermined position by supplying a DC current. 
Therefore, in a state in which a load such as an internal combustion 
engine is connected with the rotor, there is a fear that the rotor 
stops at a position deviated from the predetermined position by 
the f rictional force of the load, so that the deviation in rotational 
position cannot be precisely corrected. 

Also, in the conventional method, the torque current Iq is 
set as zero and the amount of deviation in rotational position is 
estimated from a change in rotational rate when a magnetizing 
current Id is changed. Therefore, when the load is connected with 
the rotor, the precise position correction cannot be performed 
because of a variation in rotational rate resulting from the load. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a synchronous 
motor control device capable of precisely correcting a deviation 
in rotational position related to a rotational position detector 
even in a state in which a load is connected with a rotor without 
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using an unloading detector and a motor voltage detector, and to 
provide a method of correcting the deviation in rotational position 
using the device. 

Bearing the above object in mind, the present invention 
resides in a synchronous motor control device which is constructed 
as follows. That is, a rotational position detector detects a 
rotational position of a synchronous motor. An angular rate 
computing unit determines a rotational angular rate from the 
rotational position. A current instruction generator determines 
a d-axis current instruction and a q-axis current instruction from 
the rotational angular rate and a torque instruction. A three-phase 
to two-phase converter converts three-phase currents flowing into 
the synchronous motor into a d-axis current and a q-axis current. 
A current controller determines a d-axis voltage instruction and 
a q-axis voltage instruction from a difference between the d-axis 
current instruction and the d-axis current and a difference between 
the q-axis current instruction and the q-axis current. A phase 
computing unit determines a rotor positional angle from an output 
from the rotational position detector. A voltage converter 
determines three-phase voltage instructions based on the rotor 
positional angle, the d-axis voltage instruction, and the q-axis 
voltage instruction. A phase correction quantity detector 
determines the amount of offset in which the d-axis voltage 
instruction becomes zero when the phase correction instruction is 
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inputted and the d-axis voltage instruction is not zero, and turns 
off phase correction instruction when the phase correction 
instruction is inputted and the d-axis voltage instruction is zero. 
An adder adds the amount of offset to the rotor positional angle 
to determine a fresh rotor positional angle , and outputs the fresh 
rotor positional angle to the voltage converter. 

Also, when the phase correction instruction is inputted, the 
current instruction generator sets the d-axis current instruction 
and the q-axis current instruction as zero. The current controller 
determines the d-axis voltage instruction and the q-axis voltage 
instruction from the difference between the d-axis current 
instruction which is set as zero and the d-axis current, and the 
difference between the q-axis current instruction which is set as 
zero and the q-axis current. The phase correction quantity detector 
determines the amount of offset in which the d-axis voltage 
instruction becomes zero when the d-axis voltage instruction is 
not zero. The adder adds the rotor positional angle and the amount 
of offset to determine the fresh rotor positional angle in which 
the d-axis voltage instruction becomes zero, thereby corrects a 
deviation produced between the rotational position of the 
synchronous motor which is determined from the output from the 
rotational position detector and an actual rotational position of 
the synchronous motor. 

Further, according to the present invention, there is a 
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rotational position deviation correcting method of correcting a 
deviation produced between a rotational position of a synchronous 
motor which is determined from an output of a rotational position 
detector for the synchronous motor on which vector control is 
performed and an actual rotational position of the synchronous motor • 
The method comprises inputting a phase correction instruction for 
instructing correction of the deviation in rotational position when 
the deviation in rotational position is corrected, disabling a 
torque instruction to set a d-axis current instruction and a q-axis 
current instruction as zero, converting three-phase current values 
of the synchronous motor into a d-axis current and a q-axis current, 
determining a difference between the d-axis current instruction 
and the d-axis current and a difference between the q-axis current 
instruction and the q-axis current, determining a d-axis voltage 
instruction and a q-axis voltage instruction based on the 
differences, judging whether or not the determined d-axis voltage 
instruction is zero, determining the amount of offset in which the 
d-axis voltage instruction becomes zero when the d-axis voltage 
instruction is not zero, turning off the phase correction 
instruction when the d-axis voltage instruction is zero, adding 
a rotor positional angle determined by integrating the output of 
the rotational position detector and the amount of offset to 
determine an additional value, and determining three-phase voltage 
instructions to be supplied to an inverter based on the additional 
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value, the d-axis voltage instruction, and the q-axis voltage 
instruction . 

Accordingly, it is possible to precisely correct a deviation 
in rotational position related to a rotational position detector 
even in a state in which a load is connected with a rotor without 
using an unloading detector and a motor voltage detector. 
BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 

Fig. 1 is a block diagram showing a synchronous motor control 
device according to Embodiment 1 of the present invention; 

Fig. 2 is a block diagram showing a synchronous motor control 
device according to Embodiment 2 of the present invention; 

Fig. 3 is a block diagram showing a synchronous motor control 
device according to Embodiment 4 of the present invention; 

Fig. 4 is a block diagram showing an engine in which a 
synchronous motor control device according to Embodiment 5 of the 
present invention is used for an activation device and a charging 
device; and 

Fig. 5 is a block diagram showing an engine in which a 
synchronous motor control device according to Embodiment 6 of the 
present invention is used for an activation device and a charging 
device. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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Embodiment 1 . 

Fig. 1 is a block diagram showing a synchronous motor control 
device according to Embodiment 1 of the present invention. 

The synchronous motor control device includes a synchronous 
motor 1 having a permanent magnet field or a winding field and a 
control device 2 for controlling a synchronous motor. The control 
device 2 includes: a rotational position detector 3 which is 
composed of a resolver and detects a rotor position of the 
synchronous motor 1; a phase computing unit 4 for computing a rotor 
positional angle 9 from an output of the rotational position 
detector 3; a current detector 5 for detecting three-phase currents 
Iu, Iv, and Iw of the synchronous motor 1; a three-phase to two-phase 
converter 6 for converting the rotor positional angle 6 and the 
three-phase currents Iu, Iv, and Iw into d-axis and q-axis actual 
currents Id and Iq; an angular rate computing unit 7 for computing 
a rotational angular rate co of the synchronous motor 1 from the 
output of the rotational position detector 3; a current instruction 
generator 8 for generating a d-axis current instruction Id* and 
a q-axis current instruction Iq* from a torque instruction T* and 
the rotational angular rate co; a current controller 9 for 
determining a d-axis voltage instruction Vd* and a q-axis voltage 
instruction Vq* from an error Aed between the d-axis current 
instruction Id* and the d-axis actual current Id and an error Aeq 
between the q-axis current instruction Iq* and the q-axis actual 
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current Iq; a voltage converter 10 for determining three-phase 
voltage instructions Vu*, Vv*, and Vw* from the d-axis voltage 
instruction Vd* , the q-axis voltage instruction Vq*, and the rotor 
positional angle 8; an inverter 11 for converting power of a DC 
power source (not shown) into three-phase AC powers based on the 
three-phase voltage instructions Vu*, Vv* , and Vw* to supply the 
powers to the synchronous motor 1; a phase correction quantity 
detector 12 for receiving the d-axis voltage instruction Vd* and 
determining the amount of offset A9 related to the rotor positional 
angle 9; and an adder 13 for adding the amount of offset A9 to the 
rotor positional angle 9 from the phase computing unit 4. 

Further, a field drive section 14 for exciting field windings 
is provided to the synchronous motor 1. 

The synchronous motor control device 2 has the same structure 
as conventional synchronous motor control devices or permanent 
magnet field synchronous motor control devices (DC brushless motor) 
to which vector control is applied, except the phase correction 
quantity detector 12. Therefore, the operations of the same parts 
will be briefly described. 

The rotor positional angle 9 of the motor 1 is determined from 
the output of the resolver, which is the rotational position 
detector 3 by the phase computing unit 4. The rotational angular 
rate co is determined, using the output of the resolver by the angular 
rate computing unit 7 . The rotational angular rate go and the torque 



instruction T* are inputted to the current instruction generator 
8 . The d-axis current instruction Id* and the q-axis current 
instruction Iq* are determined such that a torque T at the rotational 
angular rate co becomes the torque instruction T* . On the other hand, 
the three-phase currents Iu, Iv, and Iw flowing into the motor 1 
are detected by the current detector 5. The d-axis actual current 
Id and the q-axis actual current Iq are determined from the rotor 
positional angle 9 and the three-phase currents Iu, Iv, and Iw by 
the three-phase to two-phase converter 6. In the current 
controller 9, proportional plus integral control (so-called PI 
control) is performed on the error Aed between the d-axis current 
instruction Id* and the d-axis actual current Id and the error Acq 
between the q-axis current instruction Iq* and the q-axis actual 
current Iq, and then decoupling control in which terms coupled with 
each other are subtracted is performed to determine the d-axis 
voltage instruction Vd* and the q-axis voltage instruction Vq* . 
The three-phase voltage instructions Vu*, Vv*, and Vw* are 
determined based on these voltage instructions Vd* and Vq* and the 
rotor positional angle 0 by the voltage converter 10. A current 
output is controlled based on the three-phase voltage instructions 
Vu*, Vv*, and Vw* by the inverter 11, so that the rotational rate 
and the torque of the motor 1 are controlled. Thus, the vector 
control of the synchronous motor 1 is performed. A field current 
instruction If* is inputted to the field drive section 14 to flow 
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a predetermined current to the field windings. 

In the above-mentioned vector control, when a mount position 
of the resolver mounted to the synchronous motor 1 is deviated in 
a rotational direction, the rotor positional angle 9 determined 
from the output of the resolver is deviated from an angle related 
to an actual position of the rotor of the synchronous motor 1, so 
that the three-phase currents are not accurately converted into 
the d-axis and q-axis currents. Therefore, the normal vector 
control cannot be performed. 

To describe it in more detail, voltage equations of the 
synchronous motor in the d-axis and the q-axis can be indicated 
by Expressions (1) and (2). 

Vd = Rid - coLqlq (1) 

Vq = Rlq + coLdld + co^f (2) 

Here, Vd denotes the d-axis voltage, Vq denotes the q-axis 
voltage, R denotes a resistance value of a phase, Id denotes the 
d-axis current, Iq denotes the q-axis current, Ld denotes a d-axis 
inductance, Lq denotes a q-axis inductance, co denotes the rotational 
angular rate, and Wf denotes a magnetic flux in the permanent magnet 
field or the winding field. 

In the above-mentioned Expressions (1) and (2) , if Id = 0 and 
Iq = 0, Vd = 0 and Vq = co^f are determined. 

However, when a deviation 6 is produced between the rotational 
position of the motor which is determined from the output of the 
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rotational position detector 3 and the actual rotational position 
of the motor, Vd and Vq become coWfsinS and co^fcosS, respectively, 
so that VD does not become zero. Therefore, it is necessary to 
correct the deviation produced between the rotational position of 
the motor which is determined from the output of the rotational 
position detector 3 and the actual rotational position of the motor. 

Next, a rotational position deviation correcting method of 
correcting a deviation in rotational position of the synchronous 
motor, which is concerned with the rotational position detector 
3, according to the present invention will be described. 

The rotational position deviation correcting method 
includes: a step of instructing a phase correction A*, so that the 
torque instruction T* is disabled to set the d-axis current 
instruction Id* and the q-axis current instruction Iq* as zero; 
a step of determining the d-axis voltage instruction Vd* and the 
q-axis voltage instruction Vq* such that the d-axis actual current 
Id and the q-axis actual current Iq are set as zero; a step of 
determining the amount of offset A0 in which the d-axis voltage 
instruction Vd* becomes zero when the determined d-axis voltage 
instruction Vd* is not zero; a step of adding the rotor positional 
angle 0 determined by integrating the output of the rotational 
position detector 3 and the amount of offset A0; and a step of 
determining the three-phase voltage instructions Vu*, Vv*, and Vw* 
to be supplied to the inverter 11 based on an additional value (0 
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+ AG), the d-axis voltage instruction Vd*, and the q-axis voltage 
instruction Vq* . 

The step of determining the amount of offset AG will be 
described in more detail. When the output Vd* of the current 
controller 9 is not zero, the amount of offset AG is determined. 
When Vd* is positive, the amount of offset AG is set to +AG. When 
Vd* is negative, the amount of offset AG is set to -AG. The amount 
of offset AG is successively determined from of the arithmetic 
progression of angles (1°, 2°, n°) and outputted to the adder 

13. Thus, AG is changed until Vd* becomes zero. 

A value determined by subtracting a half of difference from 
the amount of offset AG when Vd* approaches zero and a sign of Vd* 
is reversed is outputted as the amount of offset AG. In the case 
of the above-mentioned arithmetic progression, (AG - 0.5°) is used 
as the amount of offset AG. Thus, Vd* is converged on zero. After 
Vd* is converged on zero as described above, the phase correction 
instruction is turned off to return to the general vector control 
of the synchronous motor. 

According to such a synchronous motor control device, a 
judgment is made as to whether or not the d-axis voltage instruction 
Vd* which is already determined in the synchronous motor control 
device is zero. When it is not zero, a deviation in rotational 
position can be corrected by adding the amount of offset to a phase 
or by subtracting the amount of offset from the phase. 



13 



In general, the computing of Vd* , the outputting of the 
current instructions Id* and Iq*, the computing of the rotor angle, 
and the like are realized by software. Therefore, the deviation 
in rotational position can be corrected by only minor changes of 
the software, so that the deviation can be corrected by an 
inexpensive synchronous motor control device without providing the 
voltage detector or the like which is used for the conventional 
method. 

During the deviation correction, the motor is controlled to 
be Id* = 0 and Iq* =0, so that a current hardly flows into the 
synchronous motor. Therefore, even when the rotational position 
detector is mounted at a random position, an unexpected current 
hardly flows into the synchronous motor and the inverter, so that 
a torque is hardly produced in the synchronous motor. Thus, 
abnormal operation such as rapid acceleration/deceleration to a 
device connected with the synchronous motor, for example, an 
internal combustion engine is not caused. 

Note that the resolver is used as the rotational position 
detector. Another rotational position detector such as an encoder 
may be used. 

The output of the resolver is separately inputted to the phase 
computing unit 4 and the angular rate computing unit 7 for the sake 
of a simple explanation. It may be inputted to a phase detector 
(R/D converter or the like) to simultaneously determine an angular 
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rate. Alternatively, angular information may be 

time-differentiated (differenced) to compute the angular rate. 
Embodiment 2 . 

Fig. 2 is a block diagram showing a synchronous motor control 
device according to Embodiment 2 of the present invention. In Fig. 
2, a phase correction quantity detector is different from that in 
the synchronous motor control device shown in Fig. 1 and the other 
parts are the same. The description of the same parts is omitted 
here. 

The voltage instructions Vd* and Vq* which are the outputs 
of the current controller 9 are inputted to a phase correction 
quantity detector 12a. 

The phase correction quantity detector 12a determines the 
deviation 5 by calculating an inverse tangent (arc tangent) of the 
voltage instructions Vd* and Vq* . The deviation 5 is directly 
outputted as the amount of offset A0 to the adder 13. 

According to such a synchronous motor control device, the 
deviation 5 can be directly determined, so that the length of time 
necessary to correct the deviation is shortened. 

Embodiment 3 . 

In the phase correction quantity detector 12 of the 
synchronous motor control device according to Embodiment 3 , a method 
of determining the amount of offset AG is different from that in 
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the case of Fig. 1. When Vd* is not zero, an angle of 1° to 180° 
is scanned as the amount of offset AG every 1° to record a value 
of Vd* . Then, the amount of offset A0 is determined by interpolation 
using two amounts of offset in which Vd* is close to zero. 

According to such a synchronous motor control device, the 
amount of offset is scanned at regular intervals and the amount 
of offset in which Vd* becomes zero is determined by the 
interpolation, so that the repetition operation is unnecessary and 
thus the length of time necessary to determine the amount of offset 
is shortened. 

Embodiment 4 . 

Fig. 3 is a block diagram showing a synchronous motor control 
device according to Embodiment 4 of the present invention. In Fig. 
3, a phase correction quantity detector is different from that in 
Fig. 1 and the other parts are the same. The description of the 
same parts is omitted here. 

A phase correction quantity detector 12b includes a 
correction quantity storing section 15. The correction quantity 
storing section 15 is a nonvolatile memory. 

The phase correction quantity detector 12b determines the 
amount of offset AG in which Vd* becomes zero by using the same 
method as in Embodiment 1 and causes the correction quantity storing 
section 15 to store the determined amount of offset AG. 
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According to such a synchronous motor control device, after 
a power source is turned on again, when the amount of offset stored 
in the correction quantity storing section 15 is read and the read 
amount of offset is used, it is unnecessary to newly correct a 
deviation because zero correction has been performed. 

Note that the correction quantity storing section 15 may be 
composed of, for example, an SRAM to which very small power is 
supplied. 

Embodiment 5. 

Fig. 4 is a block diagram showing an engine in which a 
synchronous motor control device according to Embodiment 5 of the 
present invention is used for an activation device and a charging 
device of the internal combustion engine. In Fig. 4, the parts 
similar to or corresponding to those in Fig. 1 are indicated by 
the same numerals. 

The engine includes an internal combustion engine 17 that 
transfers a torque to the synchronous motor 1 through a rotational 
axis thereof and a belt 16, a battery 18 that performs charge and 
discharge through the inverter 11 of the control device 2, and an 
activation motor 19 that activates the internal combustion engine 
17 . 

The operation of the engine will be described. When an 
ignition key which is not shown is turned to an activation position, 
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the internal combustion engine 17 is activated by the activation 
motor 19. After the completion of the activation, when the phase 
correction instruction A* is inputted to the control device 2, the 
current instructions Id* and Iq* become zero, so that a current 
in the synchronous motor 1 is controlled so as not to flow. At this 
time, in the case of a winding field type motor, a field current 
is made to flow. In such a state, when the d-axis voltage 
instruction Vd* is not zero, the amount of offset AG is determined 
as in Embodiment 1. The voltage converter 10 determines the 
three-phase voltage instructions Vu*, Vv*, and Vw* using the rotor 
positional angle 0 to which the determined amount of offset A6 is 
added and the voltage instructions Vq* and Vd* , and inputs the 
determined three-phase voltage instructions to the inverter 11. 
Thus, the deviation produced between the rotational position of 
the motor which is determined from the output of the rotational 
position detector 3 and the actual rotational position of the motor 
can be corrected to zero. The amount of offset is stored and then 
the phase correction operation is completed to turn off the phase 
correction instruction. After that, the synchronous motor 1 
operates as a charging device of the internal combustion engine 
17. 

According to such a synchronous motor control device, even 
in a state in which a load such as the internal combustion engine 
is connected therewith, the phase correction can be performed 
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without canceling the connection. 

Because the synchronous motor is driven by the internal 
combustion engine, the deviation can be corrected without providing 
another motor driving mechanism for deviation correction. 

When the internal combustion engine 17 is stopped as in the 
case of an idling stop, the synchronous motor control device in 
which the deviation correcting operation is completed can act as 
an activation device that activates the internal combustion engine 
17 using a motor. That is, because the positional deviation related 
to the rotational position detector is corrected by the previous 
deviation correcting operation, the synchronous motor 1 can 
accurately activate the internal combustion engine 17. 

The correction quantity storing section 15 is backed up by 
the battery 18 after the ignition key is turned off. Therefore, 
when the amount of offset A9 stored in the correction quantity 
storing section 15 is read out, the synchronous motor 1 can be 
activated by turning on the ignition key again. 

Note that a power source (battery 18) connected with the 
synchronous motor 1 is not necessarily identical with a power source 
(battery 18) connected with the activation motor. Therefore, the 
synchronous motor 1 and the activation motor may be connected with 
separate batteries 18, or even connected with batteries 18 having 
different voltages. 
Embodiment 6 
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Fig. 5 is a block diagram showing an engine in which a 
synchronous motor control device according to Embodiment 6 of the 
present invention is used for an activation device and a charging 
device of the internal combustion engine. In Fig. 5, the activation 
motor shown in Fig. 4 is removed. Others are the same and the 
description of the same parts is omitted here . 

The resolver is mechanically roughly adjusted leaving some 
rotational position deviation and then the internal combustion 
engine 17 is activated by the synchronous motor 1. In this case, 
because there is a fear that the driving force becomes smaller than 
the generally obtained driving force, it is expected that it takes 
somewhat longer time to activate the engine. However, once the 
engine is activated, the deviation correcting operation may be 
performed to store the amount of offset AG. 

Such a synchronous motor is slowly activated just one time. 
However, after that, the internal combustion engine can be activated 
with a normal state. Thus, the internal combustion engine can be 
activated without providing an additional activation motor in the 
internal combustion engine. 
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